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(57) In a control apparatus (10) for a pulse motor (1) function. In an early stage of acceleration, the weight of
a target value for the rotor phase, add motor speeds at the phase control predominates. As the motor speed
N different phase switching times during an acceleration increases, the speed control is weighted more and more
period of the pulse motor (1) are determined in advance. heavily relative to the phase control. When the motor
Then, phase control values (for conducting respective speed reaches the target speed, only the phase control
phase switchings when the rotor phase reaches the tar- is once more conducted exclusively and only once, so
get phase of each phase switching) and speed control that the rotor phase at a phase switching time is merged
values (for conducting respective phase switchings so into the target phase switching phase, thereby achieving
that the motor speed at each phase switching further constant speed operation.

approaches a target speed) are integrated with each
other in accordance with a predetermined weighting
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Description

The invention relates to a control apparatus for a
pulse motor and to a method for driving a pulse motor.

In a printer, a pulse motor excellent in controllability
is preferably used as a carriage motor, a sheet feeding
motor, or the like. Pulse motors provided for such pur-
poses must be controlled in such a manner that the motor
is smoothly accelerated to rapidly enter a constant speed
operation state, thereby attaining a stable constant
speed operation. In order to prevent synchronization
from being lost during operation, the rotor phase 6 with
respect to the magnetic field is required to be in a range
wherein a suitable torque is always obtained (for exam-
ple, -45 deg. to -135 deg. (electrical angle)).

To comply with such requirements, conventionally,
the pulse motor is controlled in the following manner. The
position of the rotor is measured by a rotary encoder.
Then the timing for switching the phase is adjusted so
that the pulse output of the rotary encoder leads or lags
a phase switching timing which is previously stored in a
ROM. Specifically, when the pulse output timing of the
encoder leads the phase switching timing, the phase of
the pulse motor is switched at the timing programmed in
the ROM, and, when the pulse output timing of the
encoder lags the phase switching timing, the phase
switching is conducted in accordance with the pulse out-
put timing of the encoder.

In this way, in the control of the prior art, the timing
for switching the phase is adjusted based only on the
speed of the motor.

The prior art has a problem in that, even when the
motor speed has already reached the target speed, so-
called dumping, or fluctuation of the speed occurs, and
hence itis difficult to conduct stable constant speed oper-
ation. This problem arises for the following reason. Since
a motor is controlled based only on the speed of the
motor, the phase 6 at a phase switching time does not
always have an appropriate value even when the motor
speed reaches the target speed for constant speed oper-
ation. When the phase 0 at a phase switching time fails
to have an appropriate value, a suitable torque cannot
be obtained, so that the actual speed is not stabilized at
the target speed, and fluctuates instead.

Itis the object of the invention to overcome the above
described problems and to provide a control apparatus
and a driving method for a pulse motor which produces
both a smooth acceleration property and a stable con-
stant speed operation property, particularly in a process
wherein the motor starts to run and then is accelerated
to enter a constant speed operational state.

This object is solved by the control apparatus according
to independent claims 1 and 4, the method of independ-
ent claim 7, and the method for driving a pulse motor
according to independent claim 8.

Further advantageous features, aspects and details of
the invention are evident from the dependent claims, the
description and the drawings. The claims are intended
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to be understood as a first, non-limiting approach of
defining the invention in general terms.

The invention provides improvements in controlling
a process wherein the motor starts to run and then is
accelerated to enter a constant speed operational state.

The control apparatus according to a first aspect of
the invention is characterized in that the apparatus com-
prises: acceleration controlling means for controlling the
pulse motor to accelerate the pulse motor to a target
speed for constant speed operation; and phase adjusting
means for adjusting, in a final stage of a control con-
ducted by the acceleration controlling means, a phase
of the pulse motor at a phase switching time so as to
coincide with a target phase switching phase for constant
speed operation.

The control apparatus according to a second aspect of
the invention is characterized in that, in the above-men-
tioned configuration, the acceleration controlling means
comprises one or more of the following means:

means for generating, in an acceleration control period,
a speed control operation amount for the purpose of ren-
dering an actual speed of the pulse motor coincident with
a target speed for the acceleration period; means for
generating a phase control operation amount for the pur-
pose of rendering the phase at a phase switching time
coincident with a target phase switching phase for the
acceleration period; and means for integrating the speed
control operation amount with the phase control opera-
tion amount in accordance with predetermined weight-
ing, thereby obtaining an integrated operation amount for
actually controlling the pulse motor, preferably the
weighting being set so that, in an early portion of the
acceleration period, a relatively large weight is given the
phase control operation amount, and, in a latter portion
of the acceleration period, a relatively large weight is
given the speed control operation amount.

In the control apparatus according to the first aspect
of the invention, when the acceleration control reaches
the final stage, or the actual speed of a motor substan-
tially reaches the target speed of constant speed opera-
tion, the phase of the motor at a phase switching time is
adjusted so as to coincide with the target phase switch-
ing phase for constant speed operation. As a result, the
phase at a phase switching time becomes appropriate
for constant speed operation in succeeding constant
speed operation. Unlike the prior art, therefore, dumping
does not occur.

In the control apparatus according to the second
aspect, during an acceleration period, the speed control
for rendering the actual speed of a motor coincident with
the target speed, and the phase control for rendering the
phase at a phase switching time coincident with a target
phase switching phase are integrated with each other in
accordance with predetermined weighting, and then
executed. Namely, the acceleration control is preferably
conducted so that, earlier in the acceleration period, the
weight of the phase control predominates, and, later in
the acceleration period, the weight of the speed control
predominates.
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As aresult, in an early stage of acceleration, effec-
tively the phase control controls acceleration; and hence
a torque required for acceleration can surely be obtained
so that smooth acceleration is realized. In a latter stage
of acceleration, primarily the speed control controls
acceleration. In the final stage of acceleration, therefore,
the speed of the motor can accurately reach the target
speed for constant speed operation. Furthermore, once
the motor enters the constant speed operating state, a
stable constant speed which is free from dumping can
be attained. Thus, the control apparatus according to the
second aspect shares this particular advantage with the
control apparatus according to the first aspect.

Fig. 1 is a block diagram showing the configuration
of an embodiment of the control apparatus of the inven-
tion.

Fig. 2 is a diagram showing the phase-torque char-
acteristics of a pulse motor.

Fig. 3 is a diagram showing a target speed table
used in an embodiment of the invention.

Fig. 4 is a diagram showing a target phase switching
phase table used in an embodiment of the invention.

Fig. 5 is a flowchart showing a process flow of an
acceleration control according to one embodiment of the
invention.

Fig. 6 is a diagram showing weighting of speed and
phase controls according to an embodiment of the inven-
tion.

Fig. 7 is a block diagram showing the configuration
of another embodiment of the invention.

Fig. 8 is a block diagram showing the configuration
of a further embodiment of the invention.

Fig. 1 shows the configuration of an embodiment of
a control apparatus 10 according to the invention, which
can be applied to, for example, the control of a carriage
motor of a serial printer.

The control apparatus 10 of Fig. 1 has a rotary
encoder 3 coupled to the rotor of a pulse motor 1, which
is used as the carriage motor. The apparatus 10 further
includes a speed detector 5 which receives an output
pulse of the rotary encoder 3, to detect the rotational
speed of the rotor. A driver 7 in the apparatus 10 drives
the pulse motor 1 while a microcomputer 9 receives out-
puts of the rotary encoder 3 and the speed detector 5,
for controlling the phase switching operation of the driver
7. The microcomputer 9 is supported by a ROM region
11, in which a target speed table, to be described later,
is programmed and by a RAM region 13, which stores a
target phase switching phase table, also described later.

Preferably, the pulse motor 1 is driven by the 2-2-
phase magnetization method while being supplied with
a constant excitation current. Under this driving method,
the relationship between the rotor phase 6 (electrical
angle) with respect to the magnetic field and the output
torque is as shown in Fig. 2. In the phase-torque char-
acteristics shown, the highest efficiency is attained when
the motor is operated such that the phase 6 is set in the
range of -45 deg. to -135 deg. According to the embod-
iment, however, the motor may be used in a range devi-
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ating from the above-mentioned range in consideration
of load fluctuation, etc.

The target speed table programmed in the ROM
region 11 is set so that, with respect to N phase switching
pulses to be output during the acceleration period, the
target speed V of the motor at the time of outputting each
pulse (phase switching time) is uniquely defined. Anillus-
tration of the relationship between these two parameters
is shown in Fig. 3. The target speed V at each phase
switching time is determined so that, as seen from Fig.
3, the speed smoothly increases either in a linear manner
or along a continuous curve (for example, an exponential
curve) from the speed V=0 at the start of operation until
reaching the target speed V=V  at the time when
the motor enters the constant speed operational state
(i.e., when the pulse number n=N).

As illustrated by way of example in Fig. 4, the target
phase switching phase table stored in the RAM region
13 is set so that, for N phase switching pulses during the
acceleration period, the target phase switching phase 0
(electrical angle) is defined with respect to the magnetic
field of the rotor at each output time. The target phase
switching phase 0 at each phase switching time is deter-
mined so that, as seen from Fig. 4, the phase smoothly
changes either in a linear manner or along a continuous
curve (for example, an exponential curve) from the target
phase switching phase of 6=0 deg. at the start of opera-
tion until reaching the target phase switching phase

0=08y  when the motor enters the constant speed
operation state (n=N). The target phase switching
phase 6 is changed smoothly because the speed must
increase smoothly.

The target phase switching phase table (Fig. 4) in
the RAM region 13 is prepared when the printer is pow-
ered on, in the following manner. A preoperation is first
performed before the printer enters the real operation
state, as described later. The phase switching phase at
constant speed operation is measured, and the meas-
ured value is set as the target phase switching phase 6y
at constant speed operation. Then, the target phase
switching phase table is calculated so as to interpolate
between the target phase switching phase 6y and the
switching phase of 0 deg. at the start of operation. The
calculated target phase switching phase table is then
stored in the RAM region 13.

The target phase switching phase at the start of
operation is set to be 0 deg. for the following reason. As
shown in the phase-torque characteristic diagram of Fig.
2,the phase 6 has an ideal range of -45 deg. to0 -135deg.
When each phase switching is conducted at 6 =-45deg.,
therefore, the motor can theoretically be operated at the
highest efficiency. However, the phase switching at 0 = -
45 deg. causes the phase 0 to be -135 deg. immediately
after the switching operation. Inthe cease where the load
increases for any reason, therefore, the phase may fur-
ther lag so that the torque is reduced. This can, in the
worst case, result in loss of synchronization. To avoid
this, for cases where a system having a large load is to
be started, a countermeasure can be taken in which the



5 EP 0 712 202 A1 6

phase 6 immediately after the phase switching operation
is in the vicinity of -90 deg. At -90 deg. the maximum
torque is obtained, thereby preventing synchronization
from being lost, even when the load fluctuates some-
what. In order to make use of this countermeasure, the
initial target phase switching phase 6 is set to be 0 deg.
As apparent from the above discussion, however, it is not
always necessary to set the initial target phase switching
phase 6 to be 0 deg.; alternatively the phase may be set
to some other appropriate angle, for example, an angle
that leads -45 deg.

Fig. 5 is a flowchart of the motor control processing
which is conducted by the microcomputer 9 in such a
configuration. The control has a feature that the phase
control for making the phase 6 at a phase switching time
coincident with the target phase switching phase 0 is har-
monically combined with the speed control for making
the speed v coincident with the target speed V. Specifi-
cally, the controls are weighted in the following manner:
alarger weight is applied to the phase control in the early
stages of the starting operation. Gradually, the weight of
the speed control is increased as the speed increases,
such that the effect of the phase control diminishes.
When the speed reaches the target speed for constant
speed operation, the contribution of phase control is
nearly or completely absent. Finally, at this point, phase
control is conducted one more time so that the phase 6
at a phase switching time is merged into the target phase
switching phase 6y at constant speed running. This can
produce smooth acceleration and stable constant speed
running properties as described below in greater detail,
with reference to Fig. 5.

When the printer is powered on, a preoperation is
first performed in order to prepare the target phase
switching phase table. In accordance with the target
speed table in the ROM region 11, the motor 1 is accel-
erated to reach the target speed Vy of constant speed
operation (step S1). When the motor speed v is stabilized
inthe constant speed running state, the phase ataphase
switching time in this condition is measured. The meas-
ured phase is set as the target phase switching phase
0N at constant speed operation. Then, interpolation is
performed so that the phase will change smoothly from
the switching phase of 0 deg. at the start to the target
phase switching phase 6y at constant speed operation,
and a target phase switching phase table such as that
shown by one of the curves in Fig. 4 is constructed (step
$2). The preoperation is then terminated.

Next, the real operation is started. The phase switch-
ing pulse number n and the current phase switching
phase 6 are initialized to be 1 and 0 deg., respectively,
and the first phase switching pulse is output (step S3).
The process continues such that an nth target phase
switching phase 0 is then obtained from the target phase
switching phase table in RAM region 13 (step S4). Next,
an nth target speed V is obtained from the target speed
table in ROM region 11 (step S6), and the current real
speed v is obtained from the output of the rotary encoder
3 (step S7).
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The target phase switching phase 6 which is
obtained in step S4 from the target phase switching
phase table is the original control target with respect to
the rotor phase 6 at a phase switching. Hereinafter, the
phase is called "target phase switching phase for phase
control.” In the following description, in addition to the
target phase switching phase 6 for phase control, atarget
phase switching phase 6! for speed control which is used
for making the actual speed v of the motor coincident
with the target speed V, and afinal target phase switching
phase 6% in which the two target phase switching phases
0 and 0! are integrated with each other in accordance
with the above-mentioned weighting will be discussed.
Hereinafter, the former target phase switching phase 6!
is called "target phase switching phase for speed con-
trol," and the latter target phase switching phase 63 "inte-
grated target phase switching phase.”

On the basis of the current actual speed v, the cur-
rent phase switching phase 6y, and the target speed V,
the target phase switching phase for speed control 6! is
calculated by expression (1) below (step S8)

0l=v/V-90+0, M

In this equation, the units of the phase switching phases
6! and 60 are degrees (electrical angle), the units of the
actual speed v are degrees (electrical angle)/second,
and the unit of the target speed V are pulses/second.

Hereinafter, the meaning of the right side of expres-
sion (1) will be described. Inthe expression, "1/V" means
the period of the phase switching obtained when the
motor is rotated at the target speed V, and "v/V" means
an amount by which the phase 6 is actually advanced at
the current actual speed v during the phase switching
period "1/V." The expression "- 90 + 6" means the phase
6 immediately after the previous phase switching opera-
tion (e.g., conducted at the time of 8 = 6p) (in the 2-2-
phase magnetization method, the phase 6 is shifted by
-90 deg.). Consequently, the right side of expression (1)
signifies the phase 0 obtained when a time correspond-
ing to the period "1/V" has elapsed after the previous
phase switching operation. When the next phase switch-
ing operation is conducted at the time when the phase 6
reaches the value of the right side, therefore, it means
that the motor is disposed to be rotated at the next speed
increment, eventually culminating at target speed V (see
Fig. 3). Accordingly, the value of the right side indicates
the target phase switching phase for speed control 6l.

Next, the target phase switching phase for phase
control 6 and target phase switching phase for speed
control 6! which are obtained as described above are
integrated in accordance with expression (2) to obtain
the integrated target phase switching phase 6$ for the
nth phase switching (step S9).

0$ = (N - n)/N)6 + (n/N)e! @)

where "(N - n)/N" and "n/N" are weighting factors for the
target phase switching phase for phase control 6 and tar-
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get phase switching phase for speed control 6!, respec-
tively. These weighting factors have the effect that, as
shown in Fig. 6, the smaller n is (i.e., the earlier in the
acceleration period), the larger is the weight of the phase
control and the smaller that of the speed control. As n is
increased (i.e., as the speed increases, the weight of the
phase control is reduced while that of the speed control
grows.

After the integrated target phase switching phase 0%
for the nth phase switching is obtained as described
above, when the actual phase 6 coincides with the inte-
grated target phase switching phase 6% (step S10), the
nth phase switching pulse is output and the phase
switching is then conducted (step S11).

Thereafter, the phase switching pulse number n is
incremented by one, and the nth integrated target phase
switching phase 0% is set as the current phase switching
phase 6g (step S13).

The steps S4 to S13 are repeated until n=N is
attained. Repetition of steps S4-S13 causes the motor
tobe accelerated. As described above, in the early stage
of acceleration, the weight of the phase control is rela-
tively large. Consequently, a sufficiently large torque
required for acceleration is generated and the phase at
which the phase switching is conducted changes
smoothly, with the result that the motor is accelerated
smoothly and rapidly. As the acceleration increases,
however, the speed control becomes larger and larger.
At the final stage (n=N), therefore, it is possible to
accurately fix the actual speed of the motor at the target
speed V) for constant speed operation.

When the acceleration control reaches the final
stage (n = N) (step S5), phase switching is conducted
once more, in the following manner. At the time when the
phase 0 coincides with the target phase switching phase
oy for phase control (step S14), the Nth phase switching
is performed on the basis of only the phase 6y (step
S811). As a result, the phase of the phase switching in
succeeding constant speed operation coincides with the
target phase switching phase 6y for constant speed
operation. The coincidence cooperates with the above-
described coincidence of the motor speed and the target
speed Vy for constant speed operation, to ensure the
stability of the speed in succeeding constant speed oper-
ation (step S15). The result is that, unlike the prior art,
dumping can be prevented from occurring.

Fig. 7 shows the configuration of another embodi-
ment of the invention. In the embodiment, when a printer
is to be shipped from the factory, a rotary encoder 3 and
a speed detector 5, forming part of a programming appa-
ratus 30 that is a tool in the factory, are connected to the
control apparatus 20 of the printer. Then a preoperation
is performed to prepare a target phase switching phase
table, much like the one described in the first embodi-
ment. The target phase switching phase table is stored
in an EEPROM 15 of the printer. The tools in the factory
are then disconnected from the printer, and the printer is
shipped from the factory. In the printer, acceleration of a
motor is conducted by open-loop control. Despite the
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above-described differences, this embodiment shares
features with the first embodiment, described above, in
that acceleration is controlled while integrating speed
control with phase control and using a target speed table
storedinthe ROMregion 11 and a target phase switching
phase table.

Fig. 8 shows the configuration of a further embodi-
ment of the invention. In the embodiment, a target phase
switching phase table, which is previously constructed in
the design process, is stored in a ROM region 11 (along
with a target speed table such as those described in the
previous embodiments) of the control apparatus 40 of a
printer. The target phase switching phase table is used
for registering the integrated target phase switching
phase described above. In the printer, acceleration of a
motor is conducted by the open-loop control in accord-
ance with the table. A target speed table is used in addi-
tion to a target phase switching phase table.

As seen from the above description, according to the
first aspect of the invention, in a process wherein a pulse
motor starts to run and then is accelerated to enter a con-
stant speed operational state, dumping during constant
speed operation can be reduced, so that a stable con-
stant speed operating characteristic is realized.

According to the second aspect of the invention, in
a process wherein a pulse motor starts to run and then
is accelerated to enter a constant speed operational
state, both a smooth acceleration characteristic and a
stable constant speed operating characteristic can be
achieved.

In the above description, several embodiments of
the invention have been described as examples of the
invention. From the disclosure provided, those skilled in
the art will not only understand the present invention and
its advantages, but will also find apparent various
changes and modifications to the apparatus and meth-
ods disclosed as preferred embodiments. The Applicant,
therefore, seeks to cover all such changes and modifica-
tions falling within the spirit and scope of the invention,
as defined by the appended claims, as well as equiva-
lents thereof.

Claims

1. A control apparatus (10;20;40) for a pulse motor (1),
comprising:
acceleration controlling means (3,5,7,9) for control-
ling said pulse motor (1) to accelerate to a target
speed at which a constant speed operation is
attained; and
phase adjusting means (11;13;15) for adjusting, in
a final stage of control conducted by said accelera-
tion controlling means (3,5,7,9), a switching phase
of said pulse motor (1) to coincide with a target
phase switching phase for the constant speed oper-
ation.

2. The control apparatus (10;20;40) according to claim
1, wherein
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said acceleration controlling means (3,5,7,9) com-
prises:

means for generating a speed control operation
amount during an acceleration period, in order to
render an actual speed of said pulse motor (1) coin-
cident with a target speed upon conclusion of the
acceleration period;

means for generating a phase control operation
amount during an acceleration period, in order to
render the switching phase coincident with a target
phase switching phase at a phase switching time
upon conclusion of the acceleration period; and
means (9) for integrating said speed control opera-
tion amount with said phase control operation
amount in accordance with a predetermined weight-
ing function, thereby obtaining an integrated opera-
tion amount for actually controlling said pulse motor.

The control apparatus (10;20;40) according to claim
1 or 2, wherein said acceleration controlling means
further comprises means (7) for controlling said
pulse motor (1) in accordance with said integrated
operation amount.

A control apparatus, especially according to claims
1 to 3, for a pulse motor (1), comprising:

means for generating a speed control operation
amount during an acceleration period, in order to
render an actual speed of said pulse motor (1) coin-
cident with a target speed upon conclusion of the
acceleration period;

means for generating a phase control operation
amount during an acceleration period, in order to
render the switching phase coincident with a target
phase switching phase at a phase switching time
upon conclusion of the acceleration period;

means (9) for integrating said speed control opera-
tion amount with said phase control operation
amount in accordance with a predetermined weight-
ing function, thereby obtaining an integrated opera-
tion amount for actually controlling said pulse motor

(1).

The control apparatus of one of the preceding
claims, wherein said weighting function is set so
that, early in the acceleration period, said phase
control operation amount is weighted more heavily,
and, late in the acceleration period, said speed con-
trol operation amount is weighted more heavily.

The control apparatus of one of the preceding
claims, further comprising

means (7) for controlling said pulse motor (1) in
accordance with said integrated operation amount.

A method comprising the steps of:

accelerating a pulse motor from an initial speed to a
target speed; and

once the pulse motor is operating at substantially the
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10.

11.

12

13.

14.

15.

target speed, adjusting a phase of the pulse motor
to substantially match a target phase.

A method, especially according to claim 7, for driving
a pulse motor from a first operational state rapidly to
a stable constant-speed operational state, said
method accelerating the pulse motor during an
acceleration period and comprising the steps of:
during an early portion of the acceleration period,
accelerating the pulse motor by, at least predomi-
nantly, controlling a phase of the pulse motor; and
during a latter portion of the acceleration period,
accelerating the pulse motor by, at least predomi-
nantly, controlling a speed of the pulse motor.

The method according to claim 7 or 8, further com-
prising the step of:

following the later portion of the acceleration period,
driving the pulse motor by controlling the phase of
the pulse motor exclusively.

The method according to one of claims 8 or 9,
wherein the first operational state is a stationary
state.

The method according to one of claims 7 to 10,
wherein:

during the early portion of the acceleration period,
the phase of the pulse motor is controlled exclu-
sively; and

during the latter portion of the acceleration period,
the speed of the pulse motor is controlled exclu-
sively.

The method according to one of claims 7 to 11,
wherein the acceleration of the pulse motor is con-
trolled by a series of pulses, each of the pulses hav-
ing at least one of a speed control component and
aphase control component, throughout the acceler-
ation period;

wherein, for each of the pulses, the speed control
component and the phase control component each
contributes a minimum of 0% and a maximum of
100% to each of the pulses.

The method according to claim 12, wherein the
phase control component stepwise decreases
throughout the acceleration period, while the speed
control component stepwise increases throughout
the acceleration period.

The method according to claim 12 or 13, wherein the
phase control component contributes 100% to at
least an initial pulse in the series of pulses, and the
speed control component contributes 100% to at
least a final pulse in the series of pulses.

The method according to one of claims 12 to 14,
wherein the phase control component has an
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inverse relationship with the speed control compo-
nent throughout the acceleration period.
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